Abstract. The QCD vacuum is populated by instantons that correspond to the tunneling processes in the vacuum. This mechanism creates the strong vacuum gluon fields. As result, the QCD vacuum instantons induce very strong interactions between light quarks, initially almost massless. Such a strong interactions bring a large dynamical mass M of the light quarks and bound them to produce almost massless pions in accordance with the spontaneous breaking of the chiral symmetry (SBCS). On the other hand, the QCD vacuum instantons also interact with heavy quarks and responsible for the generation of the heavy-heavy and heavy-light quarks interactions, with a traces of the SBCS. If we take the average instanton sizeρ = 0.33 fm, and the average inter-instanton distanceR = 1 fm we obtain the dynamical light quark mass to be M = 365 MeV and the instanton media contribution to the heavy quark mass ∆M=70 MeV. These factors define the coupling between heavy-light and heavy-heavy quarks induced by the QCD vacuum instantons. We consider first the instanton effects on the heavy-heavy quarks potential, including its spin-dependent part. We also discuss those effects on the masses of the charmonia and their hyperfine mass splittings. At the second part we discuss the interaction between a heavy and light quarks generated by instantons and it's effects.
Introduction
QCD vacuum has a rich topological properties. We know from [1] that the classical potential energy of the gluon field A is periodic along their collective coordinate so-called Chern-Simons number N CS = d 3 xK 4 (where topological current K µ = Then, we may assume that in QCD vacuum 4-dim space is filled by a tunneling processes with the density n = 1/R 4 and time-space size ρ. It correspond to the collection of a (anti)instantons with sizes ρ occupied Euclidean space with interinstanton distances R and total vacuum gluon field is given by A µ (x) = [2] . Its collective coordinates are ζ = (ρ, z, U) -size, position and color orientation respectively.
In general, A µ (x) is a not a solution of the equations of motion and it leads to the interactions between instantons. The quantization on this background also is another source of the inter-instanton interaction. The main assumption of the Instanton Liquid Model (ILM) that these factors stabilize the ρ and R. The estimates of the averaged instanton sizeρ; and averaged inter-instanton distanceR show ρ 0.33 fm,R 1 fm, (phenomenological) [3, 4] , It is clear that in ILM it was neglected by possible portion of large instantons providing confinement (see Fig. 1 ). The progress with understanding of the confinement is related with extension of a BPST instantons to a KvBLL instantons, which are described by superposition of a dyons [8] . Then, the ILM is extended to the Dyon Liquid Model (DLM) [9, 10] . At SU (2) there is two types of dyons. At large separations r the action density is a clear superposition of these dyons, while at small separations they merge and become like instanton. The KvBLL instanton size and the dyons separation are related by πT ρ 2 = r, where T is temperature. The estimate within DLM leads the KvBLL instanton average sizeρ ≈ α s N c 2πΛ PV ≈ 0.5 fm at N c = 3, α s = 0.5, Λ PV = 200 MeV [9] . On the other hand, quark core sizes of lowest states of light and heavy quarks hadrons are small. The estimates of the sizes of lowest states of a heavy quarkonium within non-relativistic potential model [11] are demonstrated at Table 1 . Table 1 . Quarkonium states and its sizes in non-relativistic potential model [11] .
The same conclusion is on the nucleon. A model estimates from various nucleon form-factors data show nucleon quark core size r N ∼ 0.3 − 0.5 fm [12] .
Since, small quark core size hadrons are insensitive to the confinement, we may safely apply ILM. 
Light quarks physics
We assume that light quark current mass m is small. It means mρ << 1. Than zero-mode |Φ 0i >, obtained from the Dirac Eq. (p + gÂ)|Φ 0i >= 0, become dominant component in single instanton field light quark propagator S i . Accordingly the interpolation formula [6, 13] :
The advantage of this interpolation is shown by the projection of S i to the zero-modes:
as it must be, while the similar projection of S i given by Ref. [14] has a wrong component, negligible only in the m → 0 limit. This interpolation well reproduce exact solution [15] . Summing the re-scattering series we arrive to the total ILM light quark propagator:
Our aim is to get light quark determinant represented as Det(p + gÂ + im) = Det high · Det low , where Det high receive a contribution from fermion modes with Dirac eigenvalues from the interval M 1 to the Pauli-Villars mass M PV , and Det low is accounted eigenvalues less than M 1 . The product of these determinants is independent of the scale M 1 . However, we may calculate both of them only approximately. The quality of the approach is given by the dependence of the product on M 1 , which serves a check of the approximations [14] . Starting from Eq. (4) we were able [13] to find low-frequencies part of light quark determinant in the presence of the light quark sources (ξ, ξ †), which is Det low exp (−ξ
Fermionic fields ψ † , ψ has a meaning of constituent quarks. Averaging of Eq. (5) over instantons collective coordinates leads to the light quarks partition function:
Small packing parameter provided here independent averaging. The quantity
is a non-local t'Hooft-like vertex with 2N f -legs, where nonlocality range ∼ρ. at N f = 1 and N ± = N/2 the Eq. (7) leads to
Here the form-factor F(p) is given by Fourier-transform of the zero-mode. The coupling λ and the dynamical quark mass M(p) are defined by the Eq. 
Heavy quarks in ILM
The heavy quark Lagrangian is given by L H = Ψ † (P + im Q )Ψ, where P = p + gA. We make a FoldyWouthuysen transformation accordingly [16] :
which leads to
Then, (infinitely) heavy quark propagator (Wilson line) in ILM defined as
where
Pobylitsa [17] derived the Eq. for the quark correlators in instanton vacuum. It's application [18] to the w leads to:
In the lowest order on density the Pobylitsa Eq. has a solution
In fact the effective dimensionless parameter of expansion here is (ρ/R) 4 , which is comfortably small. Instanton media contribution to the heavy quark mass is 
QQ potential in ILM
Application of an Eq. similar to the Eq. (12) to the Wilson loop in the lowest order on instanton density leads to the static central potential [18] for the QQ in colorless state
where L 1,2 are straight lines parallel to the x 4 and separated by distance r. A (1, 2) are the gauge fields projected onto the lines L 1,2 .
Also, from 1/m 2 Q expansion of the heavy quark propagator [19] it is easy to find spin-dependent parts of the total potential [20] 
where Fig. 2 represent the result of numerical calculations of the components of colorless state cc potential in ILM, corresponding to two sets of the parameters -average instanton sizeρ and average inter-instanton distanceR. Table 2 . ILM contribution to the (cc) states. ∆M cc = M cc − 2m c .
EPJ Web of Conferences
One can see from Table 2 that the instanton effects at lowest states of (cc) quarkonium are not small ∼ 30 − 40 % in comparison with the experimental data and strongly depend on instanton liquid parameters.
Since DLM pretend to describe QCD vacuum on the large distances too, it is natural to extend these calculations to the whole range of distances at the next step.
Heavy and light quarks in ILM
In the presence of light quarks the ILM heavy quark propagator is:
Obvious extension of the Eq. (12) is
Again, in the lowest order on density we have
Conclusion
Lowest state hadrons naturally has a small size quark cores. In this case their properties insensitive to the confinement and ILM is applicable. It was demonstrated by successful application of ILM to the light quark physics. Main feature of light quarks is SBCS naturally described as would-be zero-mode dominance. Light quarks strongly interact with instantons due to zero-modes. Almost massless quark become very massive with dynamical mass M ∼ 365 MeV (atρ = 0.33 fm,R = 1 fm), which can be considered as a strength of a light quark-instanton interaction.
On the other hand, heavy quarks much weaker interact with instantons. The analogous quantity -the shift of a heavy quark mass ∆m Q ∼ 70 MeV (at the sameρ,R) similarly can be considered as a strength of a heavy quark-instanton interaction. Nevertheless the influence of the heavy quarks potential induced by instantons (see Fig. 2 ) might be important for the spectra of heavy quarkonia as demonstrated by Table 2 .
It is natural that instantons generate also heavy and light quarks interactions with a strength ∼ M∆m Q . Such a vertexes leads to light quark exchange potential for heavy quarks (see Fig. 3 ). The light-heavy quarks interactions terms naturally leads to the light hadrons transitions in a heavy quarkonia and to the light-heavy quarks bound states -mesons and baryons.
There is a list of a problems which can be solved within this approach. 
